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Prologo tra suoni, rumori e sfere celesti ...



Pitagora di Samo 
(570-490 a.C.)

La scienza degli armonici consisteva nel generare 
tre numeri in una certa proporzione ascoltando
poi su uno strumento appositamente ideato, il 
monocordo, il suono risultante dalla divisione 
della corda in due parti che rispettassero la 
proporzione assegnata. Pitagora osservò che i 
suoni gradevoli (le armonie) corrispondevano a 
rapporti semplici e costruì una scala musicale.

Raffaello Sanzio – Scuola di Atene (part. – ca. 1510)



Gli armonici
• Rapporti razionali 

tra L1 e L2



Cosmologia pitagorica
• I pianeti si muovono su
sfere (forma perfetta).
• I raggi delle sfere stanno
fra loro in rapporti razionali
(come quelli della scala del
monocordo).
• Ad ogni pianeta è associata
una nota e, nel muoversi,
il pianeta emette un suono.
• 1+2+3+4=10 Tètraktys
(numero sacro; dieci
opposizioni fondamentali).



Galileo Galilei 
(1564-1642)

…La molestia di queste [le dissonanze] nascerà, credo io, dalle discordi
pulsazioni di due diversi suoni che sproporzionatamente colpeggiano
sopra il nostro timpano, e crudissime saranno le conseguenze quando i
tempi delle vibrazioni fussero incommensurabili… Consonanti, e con
diletto ricevute, saranno quelle coppie di suoni che verranno a
percuotere con qualche ordine sopra ‘l timpano: il quale ordine
ricerca, prima, che le percosse fatte dentro all’istesso tempo siano
commensurabili di numero, acciocché la cartilagine del timpano non
abbia a star in continuo tormento d’inflettersi in due diverse maniere
per acconsentire ed ubbidire alle sempre discordi battiture…

>> Discorsi e dimostrazioni matematiche attorno a due nuove scienze
attinenti alla meccanica e i movimenti locali



Le Armonie del Mondo       
Johannes Kepler (1571-1630)

Se si disegnasse una sfera che tocca 
all’interno il cammino di Saturno, e si 
inscrivesse un cubo nella sfera, allora 
la sfera inscritta in quel cubo sarebbe 
la sfera che descrive il cammino di 
Giove…
>> Mysterium Cosmographicum (1596)



Le Armonie del Mondo       
Johannes Kepler (1571-1630)

raggi di Keplero e circonferenze osservate:

RSaturno = √3⁄2 RGiove = 1⁄2

⇒ RSaturno/ RGiove = √3 ≈ 1.732

CSaturno = 56.47 au CGiove = 32.67 au

⇒ CSaturno/ CGiove ≈ 1.728 differenza 2‰   !!!



Leggi di Keplero (1)

• L’orbita descritta da
un pianeta è un’ellisse
di cui il sole occupa
uno dei due fuochi
(1608).

• Il raggio vettore che
unisce il centro del
sole con il centro del
pianeta descrive aree
uguali in tempi uguali
(1609).





Leggi di Keplero (2)

… e se vi interessa conoscere l’esatto momento, [la
legge] fu concepita mentalmente l’8 marzo in questo
anno 1618, ma sottomessa al calcolo in maniera
sfortunata e dunque rifiutata come falsa; vi tornai
finalmente il 15 maggio e, adottando una nuova linea
d’attacco, scacciai l’oscurità dalla mia mente. Così forte
era l’accordo fra il mio lavoro di 17 anni sui dati di
Brahe ed il presente studio, che cospiravano assieme,
che all’inizio pensai di sognare e di aver assunto la
conclusione fra le mie ipotesi fondamentali. Ma è
assolutamente certo ed esatto che la proporzione fra i
periodi di due qualsivoglia pianeti è esattamente la
proporzione sesquialtera della loro distanza media.

>> Libro V - Harmonice mundi



J. B. J. Fourier (1768-1830), 
le onde, il calore

corda
vibrante

velocità di propagazione

coefficiente di diffusione

sbarra conduttrice 
con temperature diverse 
agli estremi

per per



!mi⇤ = 82.40 Hz
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perper

corda pizzicata



analisi armonica di un’onda quadra
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Conduzione del calore

Tc
<latexit sha1_base64="rc4WjCF0GWg2e4iaFOdxlAzDymY=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJyrKNlYQugoYyiDyQEis6Xzbhl PNDd2tQZOUTaKGiQ7R8DwX/gh2CBAimGs3samfHj6XQaFlvRmFpeWV1rbhe2tjc2t4p7+51dJQoDm0eyUhd+0yDFCG0UaCE61gBC3wJXX9ynvvdW1BaRGELpzF4ARuHYiQ4w0y6ag34oFyxzNN61XGr1DItq2Y7dk6cmnviUjtTclTIAs1B+b0/jHgSQIhcMq17thWjlzKFgkuYlfqJhpjxCRtDL6MhC0B76TzqjB4lmmFEY1BUSDoX4ftGygKtp4GfTQYMb/RvLxf/8noJjupeKsI4QQh5fgiFhPkhzZXIOgA6FAoQWZ4cqAgpZ4ohghKUcZ6JSVZKKevj62n6P+k4pm2Z9qVbaZwtmimSA3JIjolNaqRBLkiTtAknY3JPHsijcWc8Gc/Gy+dowVjs7JMfMF4/ACq1knU=</latexit><latexit sha1_base64="rc4WjCF0GWg2e4iaFOdxlAzDymY=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJyrKNlYQugoYyiDyQEis6Xzbhl PNDd2tQZOUTaKGiQ7R8DwX/gh2CBAimGs3samfHj6XQaFlvRmFpeWV1rbhe2tjc2t4p7+51dJQoDm0eyUhd+0yDFCG0UaCE61gBC3wJXX9ynvvdW1BaRGELpzF4ARuHYiQ4w0y6ag34oFyxzNN61XGr1DItq2Y7dk6cmnviUjtTclTIAs1B+b0/jHgSQIhcMq17thWjlzKFgkuYlfqJhpjxCRtDL6MhC0B76TzqjB4lmmFEY1BUSDoX4ftGygKtp4GfTQYMb/RvLxf/8noJjupeKsI4QQh5fgiFhPkhzZXIOgA6FAoQWZ4cqAgpZ4ohghKUcZ6JSVZKKevj62n6P+k4pm2Z9qVbaZwtmimSA3JIjolNaqRBLkiTtAknY3JPHsijcWc8Gc/Gy+dowVjs7JMfMF4/ACq1knU=</latexit><latexit sha1_base64="rc4WjCF0GWg2e4iaFOdxlAzDymY=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJyrKNlYQugoYyiDyQEis6Xzbhl PNDd2tQZOUTaKGiQ7R8DwX/gh2CBAimGs3samfHj6XQaFlvRmFpeWV1rbhe2tjc2t4p7+51dJQoDm0eyUhd+0yDFCG0UaCE61gBC3wJXX9ynvvdW1BaRGELpzF4ARuHYiQ4w0y6ag34oFyxzNN61XGr1DItq2Y7dk6cmnviUjtTclTIAs1B+b0/jHgSQIhcMq17thWjlzKFgkuYlfqJhpjxCRtDL6MhC0B76TzqjB4lmmFEY1BUSDoX4ftGygKtp4GfTQYMb/RvLxf/8noJjupeKsI4QQh5fgiFhPkhzZXIOgA6FAoQWZ4cqAgpZ4ohghKUcZ6JSVZKKevj62n6P+k4pm2Z9qVbaZwtmimSA3JIjolNaqRBLkiTtAknY3JPHsijcWc8Gc/Gy+dowVjs7JMfMF4/ACq1knU=</latexit><latexit sha1_base64="rc4WjCF0GWg2e4iaFOdxlAzDymY=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJyrKNlYQugoYyiDyQEis6Xzbhl PNDd2tQZOUTaKGiQ7R8DwX/gh2CBAimGs3samfHj6XQaFlvRmFpeWV1rbhe2tjc2t4p7+51dJQoDm0eyUhd+0yDFCG0UaCE61gBC3wJXX9ynvvdW1BaRGELpzF4ARuHYiQ4w0y6ag34oFyxzNN61XGr1DItq2Y7dk6cmnviUjtTclTIAs1B+b0/jHgSQIhcMq17thWjlzKFgkuYlfqJhpjxCRtDL6MhC0B76TzqjB4lmmFEY1BUSDoX4ftGygKtp4GfTQYMb/RvLxf/8noJjupeKsI4QQh5fgiFhPkhzZXIOgA6FAoQWZ4cqAgpZ4ohghKUcZ6JSVZKKevj62n6P+k4pm2Z9qVbaZwtmimSA3JIjolNaqRBLkiTtAknY3JPHsijcWc8Gc/Gy+dowVjs7JMfMF4/ACq1knU=</latexit>

Tf
<latexit sha1_base64="cagIUxwQXji7AjCStsoMCPQT9rE=">AAAB9XicdVC7TkJBFNzrE/GFWtpsJCZWZJcYgY5oY4mRVwKE7F0OuGHvI7vnagjhE2y1sjO2fo+F/+JexESNTjWZOSdnzvixVhYZe/OWlldW19YzG9nNre2d3dzeftNGiZHQkJGOTNsXFrQKoYEKNbRjAyLwNbT88UXqt27BWBWFdZzE0AvEKFRDJQU66breH/ZzeVZgjHHOaUp46Yw5UqmUi7xMeWo55MkCtX7uvTuIZBJAiFILazucxdibCoNKaphlu4mFWMixGEHH0VAEYHvTedQZPU6swIjGYKjSdC7C942pCKydBL6bDATe2N9eKv7ldRIclntTFcYJQijTQ6g0zA9ZaZTrAOhAGUAUaXKgKqRSGIEIRlEhpRMTV0rW9fH1NP2fNIsFzgr86jRfPV80kyGH5IicEE5KpEouSY00iCQjck8eyKN35z15z97L5+iSt9g5ID/gvX4AG8WSbA==</latexit><latexit sha1_base64="cagIUxwQXji7AjCStsoMCPQT9rE=">AAAB9XicdVC7TkJBFNzrE/GFWtpsJCZWZJcYgY5oY4mRVwKE7F0OuGHvI7vnagjhE2y1sjO2fo+F/+JexESNTjWZOSdnzvixVhYZe/OWlldW19YzG9nNre2d3dzeftNGiZHQkJGOTNsXFrQKoYEKNbRjAyLwNbT88UXqt27BWBWFdZzE0AvEKFRDJQU66breH/ZzeVZgjHHOaUp46Yw5UqmUi7xMeWo55MkCtX7uvTuIZBJAiFILazucxdibCoNKaphlu4mFWMixGEHH0VAEYHvTedQZPU6swIjGYKjSdC7C942pCKydBL6bDATe2N9eKv7ldRIclntTFcYJQijTQ6g0zA9ZaZTrAOhAGUAUaXKgKqRSGIEIRlEhpRMTV0rW9fH1NP2fNIsFzgr86jRfPV80kyGH5IicEE5KpEouSY00iCQjck8eyKN35z15z97L5+iSt9g5ID/gvX4AG8WSbA==</latexit><latexit sha1_base64="cagIUxwQXji7AjCStsoMCPQT9rE=">AAAB9XicdVC7TkJBFNzrE/GFWtpsJCZWZJcYgY5oY4mRVwKE7F0OuGHvI7vnagjhE2y1sjO2fo+F/+JexESNTjWZOSdnzvixVhYZe/OWlldW19YzG9nNre2d3dzeftNGiZHQkJGOTNsXFrQKoYEKNbRjAyLwNbT88UXqt27BWBWFdZzE0AvEKFRDJQU66breH/ZzeVZgjHHOaUp46Yw5UqmUi7xMeWo55MkCtX7uvTuIZBJAiFILazucxdibCoNKaphlu4mFWMixGEHH0VAEYHvTedQZPU6swIjGYKjSdC7C942pCKydBL6bDATe2N9eKv7ldRIclntTFcYJQijTQ6g0zA9ZaZTrAOhAGUAUaXKgKqRSGIEIRlEhpRMTV0rW9fH1NP2fNIsFzgr86jRfPV80kyGH5IicEE5KpEouSY00iCQjck8eyKN35z15z97L5+iSt9g5ID/gvX4AG8WSbA==</latexit><latexit sha1_base64="cagIUxwQXji7AjCStsoMCPQT9rE=">AAAB9XicdVC7TkJBFNzrE/GFWtpsJCZWZJcYgY5oY4mRVwKE7F0OuGHvI7vnagjhE2y1sjO2fo+F/+JexESNTjWZOSdnzvixVhYZe/OWlldW19YzG9nNre2d3dzeftNGiZHQkJGOTNsXFrQKoYEKNbRjAyLwNbT88UXqt27BWBWFdZzE0AvEKFRDJQU66breH/ZzeVZgjHHOaUp46Yw5UqmUi7xMeWo55MkCtX7uvTuIZBJAiFILazucxdibCoNKaphlu4mFWMixGEHH0VAEYHvTedQZPU6swIjGYKjSdC7C942pCKydBL6bDATe2N9eKv7ldRIclntTFcYJQijTQ6g0zA9ZaZTrAOhAGUAUaXKgKqRSGIEIRlEhpRMTV0rW9fH1NP2fNIsFzgr86jRfPV80kyGH5IicEE5KpEouSY00iCQjck8eyKN35z15z97L5+iSt9g5ID/gvX4AG8WSbA==</latexit>

x
<latexit sha1_base64="FiPF0BUTM7yexUqkNh/7FUbg5eI=">AAAB83icdZA9SwNBEIb34leMX1FLm8UgWB17omgZtLFMwHxAcoS9zSQu2ftgd1YMR36BrVZ2YusPsvC/eBcvoKJvNTzvDDPzBomSBhl7d0pLyyura+X1ysbm1vZOdXevbWKrBbRErGLdDbgBJSNooUQF3UQDDwMFnWBylfudO9BGxtENThPwQz6O5EgKjhlq3g+qNeaesVyUuWxRFMQrSI0UagyqH/1hLGwIEQrFjel5LEE/5RqlUDCr9K2BhIsJH0MvKyMegvHT+aEzemQNx5gmoKlUdA7h+0TKQ2OmYZB1hhxvzW8vh395PYujCz+VUWIRIpEvQqlgvsgILbMEgA6lBkSeXw5URlRwzRFBS8qFyKDNIqlkeSyepv8X7RPXY67XPK3VL4tkyuSAHJJj4pFzUifXpEFaRBAgD+SRPDnWeXZenNev1pJTzOyTH3LePgGViZGL</latexit><latexit sha1_base64="FiPF0BUTM7yexUqkNh/7FUbg5eI=">AAAB83icdZA9SwNBEIb34leMX1FLm8UgWB17omgZtLFMwHxAcoS9zSQu2ftgd1YMR36BrVZ2YusPsvC/eBcvoKJvNTzvDDPzBomSBhl7d0pLyyura+X1ysbm1vZOdXevbWKrBbRErGLdDbgBJSNooUQF3UQDDwMFnWBylfudO9BGxtENThPwQz6O5EgKjhlq3g+qNeaesVyUuWxRFMQrSI0UagyqH/1hLGwIEQrFjel5LEE/5RqlUDCr9K2BhIsJH0MvKyMegvHT+aEzemQNx5gmoKlUdA7h+0TKQ2OmYZB1hhxvzW8vh395PYujCz+VUWIRIpEvQqlgvsgILbMEgA6lBkSeXw5URlRwzRFBS8qFyKDNIqlkeSyepv8X7RPXY67XPK3VL4tkyuSAHJJj4pFzUifXpEFaRBAgD+SRPDnWeXZenNev1pJTzOyTH3LePgGViZGL</latexit><latexit sha1_base64="FiPF0BUTM7yexUqkNh/7FUbg5eI=">AAAB83icdZA9SwNBEIb34leMX1FLm8UgWB17omgZtLFMwHxAcoS9zSQu2ftgd1YMR36BrVZ2YusPsvC/eBcvoKJvNTzvDDPzBomSBhl7d0pLyyura+X1ysbm1vZOdXevbWKrBbRErGLdDbgBJSNooUQF3UQDDwMFnWBylfudO9BGxtENThPwQz6O5EgKjhlq3g+qNeaesVyUuWxRFMQrSI0UagyqH/1hLGwIEQrFjel5LEE/5RqlUDCr9K2BhIsJH0MvKyMegvHT+aEzemQNx5gmoKlUdA7h+0TKQ2OmYZB1hhxvzW8vh395PYujCz+VUWIRIpEvQqlgvsgILbMEgA6lBkSeXw5URlRwzRFBS8qFyKDNIqlkeSyepv8X7RPXY67XPK3VL4tkyuSAHJJj4pFzUifXpEFaRBAgD+SRPDnWeXZenNev1pJTzOyTH3LePgGViZGL</latexit><latexit sha1_base64="FiPF0BUTM7yexUqkNh/7FUbg5eI=">AAAB83icdZA9SwNBEIb34leMX1FLm8UgWB17omgZtLFMwHxAcoS9zSQu2ftgd1YMR36BrVZ2YusPsvC/eBcvoKJvNTzvDDPzBomSBhl7d0pLyyura+X1ysbm1vZOdXevbWKrBbRErGLdDbgBJSNooUQF3UQDDwMFnWBylfudO9BGxtENThPwQz6O5EgKjhlq3g+qNeaesVyUuWxRFMQrSI0UagyqH/1hLGwIEQrFjel5LEE/5RqlUDCr9K2BhIsJH0MvKyMegvHT+aEzemQNx5gmoKlUdA7h+0TKQ2OmYZB1hhxvzW8vh395PYujCz+VUWIRIpEvQqlgvsgILbMEgA6lBkSeXw5URlRwzRFBS8qFyKDNIqlkeSyepv8X7RPXY67XPK3VL4tkyuSAHJJj4pFzUifXpEFaRBAgD+SRPDnWeXZenNev1pJTzOyTH3LePgGViZGL</latexit>0

<latexit sha1_base64="GyhZvABvMNkMCpuE5+JPRpQssVM=">AAAB83icdZA9SwNBEIb3/IzxK2ppsxgEq2NPFC2DNpYJmA9IjrC3mcQle3vH7qwQQn6BrVZ2YusPsvC/eBcvoKJvNTzvDDPzRqmSFhl795aWV1bX1ksb5c2t7Z3dyt5+yybOCGiKRCWmE3ELSmpookQFndQAjyMF7Wh8nfvtezBWJvoWJymEMR9pOZSCY4YarF+pMv+c5aLMZ4uiIEFBqqRQvV/56A0S4WLQKBS3thuwFMMpNyiFglm55yykXIz5CLpZqXkMNpzOD53RY2c5JjQFQ6WicwjfJ6Y8tnYSR1lnzPHO/vZy+JfXdTi8DKdSpw5Bi3wRSgXzRVYYmSUAdCANIPL8cqBSU8ENRwQjKRcigy6LpJzlsXia/l+0Tv2A+UHjrFq7KpIpkUNyRE5IQC5IjdyQOmkSQYA8kEfy5Dnv2XvxXr9al7xi5oD8kPf2CSVRkUM=</latexit><latexit sha1_base64="GyhZvABvMNkMCpuE5+JPRpQssVM=">AAAB83icdZA9SwNBEIb3/IzxK2ppsxgEq2NPFC2DNpYJmA9IjrC3mcQle3vH7qwQQn6BrVZ2YusPsvC/eBcvoKJvNTzvDDPzRqmSFhl795aWV1bX1ksb5c2t7Z3dyt5+yybOCGiKRCWmE3ELSmpookQFndQAjyMF7Wh8nfvtezBWJvoWJymEMR9pOZSCY4YarF+pMv+c5aLMZ4uiIEFBqqRQvV/56A0S4WLQKBS3thuwFMMpNyiFglm55yykXIz5CLpZqXkMNpzOD53RY2c5JjQFQ6WicwjfJ6Y8tnYSR1lnzPHO/vZy+JfXdTi8DKdSpw5Bi3wRSgXzRVYYmSUAdCANIPL8cqBSU8ENRwQjKRcigy6LpJzlsXia/l+0Tv2A+UHjrFq7KpIpkUNyRE5IQC5IjdyQOmkSQYA8kEfy5Dnv2XvxXr9al7xi5oD8kPf2CSVRkUM=</latexit><latexit sha1_base64="GyhZvABvMNkMCpuE5+JPRpQssVM=">AAAB83icdZA9SwNBEIb3/IzxK2ppsxgEq2NPFC2DNpYJmA9IjrC3mcQle3vH7qwQQn6BrVZ2YusPsvC/eBcvoKJvNTzvDDPzRqmSFhl795aWV1bX1ksb5c2t7Z3dyt5+yybOCGiKRCWmE3ELSmpookQFndQAjyMF7Wh8nfvtezBWJvoWJymEMR9pOZSCY4YarF+pMv+c5aLMZ4uiIEFBqqRQvV/56A0S4WLQKBS3thuwFMMpNyiFglm55yykXIz5CLpZqXkMNpzOD53RY2c5JjQFQ6WicwjfJ6Y8tnYSR1lnzPHO/vZy+JfXdTi8DKdSpw5Bi3wRSgXzRVYYmSUAdCANIPL8cqBSU8ENRwQjKRcigy6LpJzlsXia/l+0Tv2A+UHjrFq7KpIpkUNyRE5IQC5IjdyQOmkSQYA8kEfy5Dnv2XvxXr9al7xi5oD8kPf2CSVRkUM=</latexit><latexit sha1_base64="GyhZvABvMNkMCpuE5+JPRpQssVM=">AAAB83icdZA9SwNBEIb3/IzxK2ppsxgEq2NPFC2DNpYJmA9IjrC3mcQle3vH7qwQQn6BrVZ2YusPsvC/eBcvoKJvNTzvDDPzRqmSFhl795aWV1bX1ksb5c2t7Z3dyt5+yybOCGiKRCWmE3ELSmpookQFndQAjyMF7Wh8nfvtezBWJvoWJymEMR9pOZSCY4YarF+pMv+c5aLMZ4uiIEFBqqRQvV/56A0S4WLQKBS3thuwFMMpNyiFglm55yykXIz5CLpZqXkMNpzOD53RY2c5JjQFQ6WicwjfJ6Y8tnYSR1lnzPHO/vZy+JfXdTi8DKdSpw5Bi3wRSgXzRVYYmSUAdCANIPL8cqBSU8ENRwQjKRcigy6LpJzlsXia/l+0Tv2A+UHjrFq7KpIpkUNyRE5IQC5IjdyQOmkSQYA8kEfy5Dnv2XvxXr9al7xi5oD8kPf2CSVRkUM=</latexit>

L
<latexit sha1_base64="GbsWbQmSY7ox5jXUEUNRUeu36YQ=">AAAB83icdZA9SwNBEIb34leMX1FLm8UgWB17omgZtLGwSMB8QHKEvc0kLtnbO3bnhHDkF9hqZSe2/iAL/4t38QIq+lbD884wM28QK2mRsXentLS8srpWXq9sbG5t71R399o2SoyAlohUZLoBt6CkhhZKVNCNDfAwUNAJJle537kHY2Wkb3Eagx/ysZYjKThmqHkzqNaYe8ZyUeayRVEQryA1UqgxqH70h5FIQtAoFLe257EY/ZQblELBrNJPLMRcTPgYelmpeQjWT+eHzuhRYjlGNAZDpaJzCN8nUh5aOw2DrDPkeGd/ezn8y+slOLrwU6njBEGLfBFKBfNFVhiZJQB0KA0g8vxyoFJTwQ1HBCMpFyKDSRZJJctj8TT9v2ifuB5zveZprX5ZJFMmB+SQHBOPnJM6uSYN0iKCAHkgj+TJSZxn58V5/WotOcXMPvkh5+0TUPWRXw==</latexit><latexit sha1_base64="GbsWbQmSY7ox5jXUEUNRUeu36YQ=">AAAB83icdZA9SwNBEIb34leMX1FLm8UgWB17omgZtLGwSMB8QHKEvc0kLtnbO3bnhHDkF9hqZSe2/iAL/4t38QIq+lbD884wM28QK2mRsXentLS8srpWXq9sbG5t71R399o2SoyAlohUZLoBt6CkhhZKVNCNDfAwUNAJJle537kHY2Wkb3Eagx/ysZYjKThmqHkzqNaYe8ZyUeayRVEQryA1UqgxqH70h5FIQtAoFLe257EY/ZQblELBrNJPLMRcTPgYelmpeQjWT+eHzuhRYjlGNAZDpaJzCN8nUh5aOw2DrDPkeGd/ezn8y+slOLrwU6njBEGLfBFKBfNFVhiZJQB0KA0g8vxyoFJTwQ1HBCMpFyKDSRZJJctj8TT9v2ifuB5zveZprX5ZJFMmB+SQHBOPnJM6uSYN0iKCAHkgj+TJSZxn58V5/WotOcXMPvkh5+0TUPWRXw==</latexit><latexit sha1_base64="GbsWbQmSY7ox5jXUEUNRUeu36YQ=">AAAB83icdZA9SwNBEIb34leMX1FLm8UgWB17omgZtLGwSMB8QHKEvc0kLtnbO3bnhHDkF9hqZSe2/iAL/4t38QIq+lbD884wM28QK2mRsXentLS8srpWXq9sbG5t71R399o2SoyAlohUZLoBt6CkhhZKVNCNDfAwUNAJJle537kHY2Wkb3Eagx/ysZYjKThmqHkzqNaYe8ZyUeayRVEQryA1UqgxqH70h5FIQtAoFLe257EY/ZQblELBrNJPLMRcTPgYelmpeQjWT+eHzuhRYjlGNAZDpaJzCN8nUh5aOw2DrDPkeGd/ezn8y+slOLrwU6njBEGLfBFKBfNFVhiZJQB0KA0g8vxyoFJTwQ1HBCMpFyKDSRZJJctj8TT9v2ifuB5zveZprX5ZJFMmB+SQHBOPnJM6uSYN0iKCAHkgj+TJSZxn58V5/WotOcXMPvkh5+0TUPWRXw==</latexit><latexit sha1_base64="GbsWbQmSY7ox5jXUEUNRUeu36YQ=">AAAB83icdZA9SwNBEIb34leMX1FLm8UgWB17omgZtLGwSMB8QHKEvc0kLtnbO3bnhHDkF9hqZSe2/iAL/4t38QIq+lbD884wM28QK2mRsXentLS8srpWXq9sbG5t71R399o2SoyAlohUZLoBt6CkhhZKVNCNDfAwUNAJJle537kHY2Wkb3Eagx/ysZYjKThmqHkzqNaYe8ZyUeayRVEQryA1UqgxqH70h5FIQtAoFLe257EY/ZQblELBrNJPLMRcTPgYelmpeQjWT+eHzuhRYjlGNAZDpaJzCN8nUh5aOw2DrDPkeGd/ezn8y+slOLrwU6njBEGLfBFKBfNFVhiZJQB0KA0g8vxyoFJTwQ1HBCMpFyKDSRZJJctj8TT9v2ifuB5zveZprX5ZJFMmB+SQHBOPnJM6uSYN0iKCAHkgj+TJSZxn58V5/WotOcXMPvkh5+0TUPWRXw==</latexit>

stato stazionario

T1(x) = Tc +
Tf � Tc

L
x

<latexit sha1_base64="DbXv1ndgwI0F+nuEA2k4K34O8QY="></latexit><latexit sha1_base64="DbXv1ndgwI0F+nuEA2k4K34O8QY="></latexit><latexit sha1_base64="DbXv1ndgwI0F+nuEA2k4K34O8QY="></latexit><latexit sha1_base64="DbXv1ndgwI0F+nuEA2k4K34O8QY="></latexit>

T (x, t) = T1(x) + C e��t sin(kx)
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E. Schrödinger (1887-1961),
la meccanica quantistica e la funzione d’onda

funzione d’onda

Equazione di Schrödinger

costante di Planck
massa



E. Schrödinger (1887-1961),
la meccanica quantistica e la funzione d’onda

funzione d’onda

Equazione del calore nel tempo immaginario

costante di Planck
massa



Oscillatore armonico
Buca rettangolare Energia potenziale

Energia



Considerazioni conclusive
• Per i pitagorici la realtà si conforma alla 

matematica. 
• La filosofia pitagorica esercita una forte 

influenza sul pensiero scientifico.
• Gradualmente, la matematica diventa lo 

strumento per descrivere le regolarità 
dei fenomeni naturali.

• L’analisi armonica è un esempio della 
possibilità di svelare regolarità nascoste.


